Abstract. A systems model of a laser-driven IFE power plant is being developed to assist in design trade-offs and optimization. The focus to date has been on modeling the fusion chamber, blanket and power conversion system. A self-consistent model has been developed to determine key chamber and thermal cycle parameters (e.g., chamber radius, structure and coolant temperatures, cycle efficiency, etc.) as a function of the target yield and pulse repetition rate. Temperature constraints on the tungsten armor, ferritic steel wall, and structure/coolant interface are included in evaluating the potential design space. Results are presented for a lithium cooled first wall coupled with a Brayton power cycle.
INTRODUCTION
The High Average Power Laser (HAPL) program in the US is engaged in R&D on laser driven inertial fusion energy (IFE) using direct-drive targets and dry-wall chambers [1] . We have developed a design concept for the chamber based on a W-armor coated, ferritic steel (FS) first wall. The chamber may also contain a low-pressure buffer gas to reduce the peak heat load on the W armor. As part of our work in creating a systems model for a laser IFE power plant, we have developed scaling relationships for the chamber and power conversion systems. While several options have been considered for the coolant, breeder and power conversion cycle, we focus on a molten Li coolant/breeder coupled to a Brayton cycle. The chamber size is set by the requirement to keep the peak W temperature below 2400 C. This temperature rise depends on the target yield, gas pressure and chamber first wall radius. Constraints on the W/FS interface, Li/FS interface and maximum outlet temperatures are used to determine the Li coolant conditions and, subsequently, the power conversion cycle conditions and efficiency. In this paper we describe the chamber design in Section 2, discuss the scaling of chamber radius with yield and gas pressure in Section 3, and cover the power cycle efficiency scaling in Section 4. Conclusions and future work are covered in Section 5.
* LLNL work performed under the auspices of the US Department of Energy by the University of California LLNL under Contract W-7405-Eng-48.
DECRIPTION OF CHAMBER DESIGN
The first wall and blanket design for the chamber is illustrated in Fig. 1 [2] . Lithium enters from the outside of the blanket and enters the first wall (FW) coolant channel. This ~3 mm thick channel surrounds an inner breeding blanket region (~ 28 mm x 60 mm). The flow channel winds around the blanket region in a helical manner passing from the FW side to the back of the blanket and then back to the front. The purpose is two-fold: supply the coldest Li to the region of highest heat load and maintain the FS structure of the blanket below the acceptable temperature limit. The coolant passes from the midplane to the poles of chamber and then reverses direction and flows at a lower velocity in the larger blanket channel reaching the maximum temperature as it exits at the mid-plane. 
CHAMBER RADIUS SCALING
The key factor that determines the radius of the chamber is the temperature response of the W armor to the short-range emission of the target (x-rays and debris). Output spectra for representative direct drive targets were calculated by Perkins [3] . Time and spatially dependent energy deposition in the FW was then calculated accounting for time of flight spreading as the radiation transverses the chamber, attenuation by the Xe fill gas and energy-dependent ion deposition ranges in W. Transport of this radiation across the chamber results in time of flight spreading. Detailed thermal response calculations for a variety of target yields, gas pressure and chamber radius were conducted. Based on these results, we developed a scaling equation for the peak W temperature equations given in Eqn. 1. where T wss = quasi steady state W temperature prior to the pulse (C), R w = chamber radius (m), Y = target yield (MJ), and p = Xe gas pressure (mtorr).
As indicated, the temperature rise scales directly with yield, with radius to the -2.4, and exponentially with the product gas pressure and radius. Figure 2 compares the fit to the detailed calculations as a function of radius for a 300 MJ yield. The scaling as 1/R 2.4 instead of simple 1/R 2 is due to the time of flight spreading in the incident ions. In the systems model, the chamber radius is calculated by setting the W peak temperature equal to the maximum allowable temperature and solving for R w . Figure 2 (right) shows the radius as a function of yield for various chamber fill-gas pressures. Recent directions in the HAPL program are moving to elimination of the chamber buffer gas in order to minimize aerodynamic and heating effects on the injected cryogenic target. At the current reference target yield of 350 MJ, the chamber radius is 10.5 m. 
BRAYTON POWER CYCLE CONVERSION EFFICIENCY
The systems model includes power conversion efficiency calculations based on a Brayton power cylce with three compressor stages and two intercoolers [4] . The effiency primarily depends on the blanket coolant outlet temperature, which is limited by structual material limits and/or compatability with molten lithium. For near-term reduced activation ferritic steel, a blanket outlet temperature of 575 C gives a power conversion efficiency of 37%. More advanced oxide dipersion strengthening (ODS) FS maintains strength at higher temperatues and will allow an outlet temperature of 800 C (requires a protective coating or layer to prevent Li corrosion) and gives a conversion efficiency of 48%.
CONCLUSIONS AND FUTURE WORK
Significant progress has been made in developing an updated, integrated systems model for laser IFE. Models for the Li-cooled, dry-wall chamber coupled to a Brayton cycle were presented here. Future plans call for completing models and costing for the other power plant subsystems (solid state and KrF lasers, target fabrication and injection, and balance of plant). The target physics scaling, power plant subsystem models and cost of electricity calculations will then be integrated to complete the code.
